We performed intensive sediment trap studies at different water depths and locations in nine Swedish lakes to determine the flux, distribution, and origin of settling particulate matter in the pelagic zone. From these data, we developed a dynamic model that includes important mechanisms controlling fluxes of autochthonous, allochthonous, and resuspended particles in lakes during both stratification and turnover. The data suggest that during the period of turnover, sediment resuspension is a function of direct wind/wave activities. During these periods, resuspended particles are quite evenly distributed in the water column. During stratification, however, particles in deeper lakes are enriched in the hypolimnion. We suggest that these particles are resuspended due mainly to internal water motions. The model describes how much and at which water depths material is resuspended, and how this material is distributed in the water column. This includes the process of sediment focusing. The model allows determination of sediment accumulation at different water depths and of the boundary between erosion, transportation, and accumulation of sediment. Furthermore, the model shows the time dependence of the flux and distribution of settling particles in relation to changes in wind speed. The model is driven by wind, stratification, and lake morphometric data that can be determined with good accuracy. Some coefficients describing particle dynamics are also needed, e.g. particle settling velocity, vertical water mixing velocity, and sediment resuspension rate. The most uncertain coefficients were subjected to sensitivity analyses. The model can explain differences over time in the flux, origin, and distribution of settling particles in different lakes. Because it has earlier been recognized that the flux and distribution of settling particles can be of great importance for the dispersal, burial, biouptake, and ecological effects of nutrients and contaminants, the model may provide valuable information for lake management.
Settling particles have often been considered to be the major transport media for nutrients, toxic metals, and organic contaminants, and they are known to be important for the removal of bioavailable nutrients and pollutants from the water column (Salomons and Forstner 1984; Allan 1986; Allard et al. 1991; Baudo et al. 1991) . To determine spatial distribution patterns, sedimentation and resuspension, biological uptake, and ecological effects of nutrients and pollutants, information is needed about the flux of carrier particles, in particular about the amount, the composition, and the distribution of settling particulate matter (SPM; see notations). It is quite common to study characteristics of SPM with sediment traps (Eadie et al. 1984; Rosa 1985; Bloesch and Uehlinger 1986) , and the processes of sediment distribution are well known (Hilton 1985; Hilton et al. 1986 ). Nevertheless, fluxes of SPM in lakes are not completely understood, most likely because there are still uncertainties in quantifying the sources of SPM. In order to quantify the sources of SPM, it is necessary to determine how much particulate matter is produced within lakes, how much is discharged into lakes from inflow waters, and how much is resuspended. The amount of resuspended settling particulate matter (RSPM) is especially difficult to determine.
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Chemical characteristics have been used to quantify RSPM (e.g. Blomqvist and Larsson 1994; Cornett et al. 1994 ), but unless sequencing traps are deployed (Bloesch 1996) , sediment traps are of limited value for assessing rapid changes in the flux, composition, and distribution of RSPM. Accordingly, it is difficult to predict variations in the flux, composition, and distribution of SPM in different lake ecosystems and thus to predict the fate of pollutants. Indeed, predictive models for variations in the concentration and distribution of suspended particulate matter within one lake are available (Blom et al. 1992; Van Duin et al. 1992; Vlag 1992; Blom and Toet 1993; Konscos and Somlyody 1994) , but because these studies are quite site-specific, this study represents an attempt to quantify SPM from a general perspective. For this purpose, we developed a dynamic model that simulates variations in the flux and distribution of SPM in very different lake ecosystems on a daily basis with an emphasis on sediment resuspension.
The model was validated with sediment trap data from nine Swedish lakes where SPM is dominated by RSPM (Weyhenmeyer 1997) . We intended to include all important processes controlling fluxes of different types of SPM with a minimum of easily available input parameters. The model attempts to predict both spatial and temporal variations in the flux, origin, and distribution of SPM in lakes on a daily basis. The next step would be to determine the cycling of nutrients and contaminants that are associated with SPM.
Field data: study sites and methods
The model for variations in the flux, origin, and distribution of settling particles in lakes was first developed and Weyhenmeyer et al.
filtered through weighed precombusted (3 h, 550°C) 47-mm GF/F Whatman glass-fiber filters. The flux of settling particulate matter war; determined by reweighing the filters after they had been dried overnight at 105°C. A more detailed description of the methods can be found in Weyhenmeyer et al.. (1995) and Weyhenmeyer (1997) where sediment trap data from these nine lakes were used to quantify the flux of resuspended settling particulate matter.
Model structure: theory and assumptions
The basic aim of the dynamic model is to describe how SPM is distributed in the water column during different seasons of the year and from where it originates. Each lake is divided into l-m-deep water layers (Fig. 2) , and in each of these water layers the maximum horizontal current velocity is calculated. Whenever the maximum horizontal current velocity in a water layer exceeds the critical current velocity for sediment resuspension, a defined amount of sediment (the maximum amount of sediment that can be resuspended each day) is resuspended and evenly distributed in the l-m water layer.
We assume tha: mainly peak wind speeds are responsible for the resuspension of sediment. Because the model is run on a daily basis, it is necessary to define which peak wind speed of a day should be taken. If the maximum wind speed of a day is used, the wind speed value would be dependent on the intervals 1:hat wind speed is measured because the chance to register a very high wind speed with l-min measurements is much higher than with hourly measurements. Furthermore, one single event of a short wind speed peak during a whole d,ly would predict unrealistically high sediment resuspension. To avoid these problems, the mean daily wind speed was taken and multiplied by 2. According to frequent wind speed measurements in Lake Erken (10-min intervals), the factor 2 seems to be reasonable to account for the most important wind speed peaks during a 24-h period.
then validated with sediment trap data from nine Swedish lakes representing a wide range of water chemistry, lake morphometric, and watershed features (Fig. 1) . In each lake, cylindrical sediment traps with a diameter of 5 cm and a height of 30 cm were deployed at 3 m below the water surface and 1 m above the lake bottom at five locations in Lakes Erken and Limmaren, three locations in Lakes Alebosjon, Lillvallen, Langsjiin, Nyvallen, Redsjiisjon, and Rossjon, and at one location in Lake Loppesjon. To avoid over-trapping in the epilimnion due to Langmuir circulation, epilimnetic sediment traps should be placed just above the thermocline (Bloesch and Burns 1980) . 'This requirement was met for all epilimnetic sediment traps except for those in Lake Erken, where the thermocline reaches a depth of 12 m. However, for a comparison of data, especially data about entrapped newly produced planktonic particulate matter, it was considered best to deploy all sediment traps at the same depths in the epilimnion.
In Limmaren and Erken, the traps were emptied weekly from July until September 1992, in all other lakes biweekly from May until September 1994. The entrapped material was When lakes are completely ice-covered, which is the period from 15 December until 15 March in our study lakes, the wind speed is set to zero and no sediment is resuspended.
Resuspended particles are partly mixed into the upper and lower water layers and partly settle downward into the next layer and further #onto the bottom (Fig. 2) . During the period of stratification, direct wind/wave activities will not influence sediment resuspension in the hypolimnion, but internal seiche activities can cause sediment resuspension (Gloor et al. 1994; Pierson and Weyhenmeyer 1994) . Because it is not yet known how currents due to internal seiche activities differ quantitatively from currents due to direct wind/wave activities, the daily maximum horizontal current velocity was calculated in the same way during stratified as during unstratified periods. However, the vertical water mixing velocity in the hypolimnion was reduced to half during stratified periods. Consequently, sediments are often resuspended during periods of stratification, but SPM is differently distributed in the water column during stratified and unstratified periods. SPM is enriched in the hypolimnion during stratified periods, a phenomenon that has been observed and studied in Lake Erken (Weyhenmeyer 1996). Due to resuspension, lake sediments are gradually transported from shallow areas to deeper areas, a process known as sediment focusing (Ohle 1962; James and Barko 1993; Blais and Kalff 1995) . To maintain this process over a long period, fine sediments removed from shallow areas need to be replaced by input of particulate matter from river inflow and planktonic production (Fig. 2) .
Although the flux of allochthonous SPM is negligibly small when compared to the total flux of SPM in all nine Swedish lakes (Weyhenmeyer 1997), it is included in the model and calcul,ated as the product of the mean annual water discharge and the mean annual concentration of particles in inflow waters divided by the lake area. Both the water discharge and the concentration of particles in inflow waters clearly vary over time, with peak values occurring in spring and autumn. To account for variations in the input of allochthonous SPM, the water discharge was set to zero during the ice-covered period and multiplied by two during April and October. This calculation is very simple and certainly cannot be used for lakes where allochthonous SPM plays a significant role. However, for our lakes, especially for Lake Erken, the simple calculation is sufficient because even heavy rainfalls were not related to an increase in SPM in the lake water (Weyhenmeyer 1996) . The flux of SPM from primary production (PSPM) was determined by regression analysis of the linear relationship between the amount of inorganic and total SPM collected in sediment traps (Weyhenmeyer et al. 1995) . Mean values of PSPM for most of the ice-free period for the nine studied lakes (Table 1) were obtained from the regression intercepts (Weyhenmeyer 1997). Again, seasonal variations in the flux of PSPM need to be considered. To keep the model as simple as possible, we assumed that there is no input of PSPM during the peric d of ice cover ( 15 December-15 March), twice the calculated mean input during April and September (diatom blooms), and half the calculated mean input during May and Augus :. This seasonal pattern corresponds well to typical phytoplankton biomass data in Lake Erken (Blomqvist et al. 1994: 1. In the model, biogenic calcite precipitation was not considered because it does not occur in our lakes.
The outflow of SPM is calculated as the product of the mean yearly water effluent and the concentration of suspended particulate matter in the O-l-m water layer divided by the lake area (Fig. 2) . The outflow is influenced by ice cover and maximum water discharges during April and October in the same way as the inflow.
Model parameters
The model requires 12 input parameters that can be divided into lakespecific (l-6, Table 1 ) and general (7-12) parameters: (1) Q,,,,, (m3 d-l), water discharge, annual mean; (2) Susp,, (g mm3), concentration of particles in inflow waters, annual mean; (3) PSPM,,,, (g mm2 d-l), flux of newly produced planktonic settling particulate matter derived from sediment trap data, mean during the period May until September (Weyhenmeyer 1997); (4) AwaterChj (m2), water area at water depth h derived from the hypsographic curve; (5) hepi (m), epilimnetic water depth; (6) Lf (m), maximum effective wind fetch calculated for the prevailing wind direction; (7) v,~ (m d-l), particle settling velocity; (8) P,,,,,, (g m-3), particle concentration in bottom sediments; (9) hscd (m), thickness of resuspendable sediment; (10) u,,~ cril (m s-l), critical current velocity for sediment resuspension; (11) The values of the first three lake-specific input parameters were taken from Weyhenmeyer (1997). While the lake area at certain water depths can be considered as constant over time, the epilimnetic water depth during the stratified period and the effective wind fetch may vary. Nevertheless, they were assumed to be constant within one lake to keep the model as simple as possible. The epilimnetic water depth during the stratified period was calculated according to the empirical relationship of Meili (199 1): hcpi = (20 X LmaxY(Lmax + 6*6),
(1) where L,,,,, is the maximum length of a lake (m).
The maximum effective wind fetch for the prevailing wind direction was determined by the method described by Hakanson and Jansson (1983) . Sensitivity analyses will later show the influence of variations in these parameters.
Apart from the lake-specific input parameters, the model requires general input parameters that apply to all lakes. Except for the wind speed, which was measured in the field, , these general parameters are based on literature data. A sedimentation velocity of 0.5 m d-l corresponds quite well with field studies of Rathke et al. (198 l) , Rosa (1985) , and Reynolds et al. (1982) , considering that most settling particles in our lakes are inorganic particles (>80%), which generally have a higher settling velocity than do small organic planktonic particles. Large inorganic particles (e.g. diatom shells) can even have settling velocities of up to lo-30 m d-l (Reynolds 1984) . However, the new sedimentation of large diatoms in our lakes is very small compared to the total sedimentation (Weyhenmeyer et al. 1995; Weyhenmeyer 1997) . Therefore, a sedimentation velocity of 0.5 m d-l seems reasonable for our lakes.
The particle concentration in bottom sediments was calculated according to Meili and Worman (1996) .
where p," (water density) = 1 (g cm-"); w (water content) = 0.9 (g (g,,,,,))l); and p, (density of solids) = 2.6 (g cm-").
The density of solids and the water content of the sediments clearly vary among lakes. While changes in the density of solids have almost no influence on the value of the particle concentration, the water content is more important. In the model, a constant sediment water content of 90% in all lakes was used, which is an acceptable value for our organic-rich lakes (Hakanson ,and Jansson 1993) .
The particle concentration multiplied by the thickness of resuspendable sediment gives the total amount of resuspendable sediment per unit area. Assuming a thickness of resuspendable sediment of 1 cm, the maximum amount of resuspendable sediment will be 1,066 g rnd2. However, this theoretical high amount is seldomly available for resuspension. In general, sediments are so frequently resuspended that only the amount of sediment that was accumulated between two wind peaks can be resuspended, and this accumulated amount is generally much less than 1,066 g rnw2 in most sediment layers. Only in the shallow Lake Limmaren are daily peak fluxes -1,000 g me2 d-l, corresponding to 1 cm of sediment, which are necessary to explain the measured weekly mean SPM flux of 385 g mm2 d-l.
Critical current velocities in lakes are difficult to predict owing to complicated relationships between sediment erodibility, sediment depth, physical sediment character, sediment "glue capacity," and bioturbation. Because there are no validated models, and because such models, if they become available, are likely to be quite extensive, we chose a deliberately simple approach. In each of the water layers the maximum horizontal current velocity u,,(,) was calculated from wind speed according to Airy's wave theory, as described by Smith and Sinclair (1972) : 
where g is 9.81 (m s2), H is wave height (m), w is wind velocity (m s-l), Ls is effective fetch (m), and T is wave period (s). The critical friction velocity has been determined for newly deposited fine lake sediments with values of 0.7-l (Sheng and Lick 1979), 0.5-l (Gardner et al. 1983) , and 0.5-1.7 cm s-l (Bengtsson et al. 1990) . The relationship between the friction velocity and the current velocity depends on the bed roughness. It is not easy to quantify this relationship, but the friction velocity should be less than the current velocity. In the model, however, the critical current velocity was set to a value of 1 cm s-l, which is about the same as the critical friction velocity, because calculations of the current velocity from traditional wave theories underestimated the critical water depth for sediment resuspension at least in Lake Erken (Weyhenmeyer 1996) . Instead of changing the calculation of the current velocity and to include other complex forces of sediment resuspension (e.g. turbidity currents, internal seiche activities), we preferred to maximize the value of the critical current velocity.
The velocity of vertical water mixing in lakes was chosen to assure numerical stability of the model while still allowing for sufficient mixing. A velocity of 2 m d-l was found to be suitable for well-mixed lakes during periods without stratification and for the epilimnion during periods of stratification. In the hypolimnion, the vertical water mixing velocity is assumed to be reduced to 1 m d-l during periods of stratification
In the model, lakes are stratified from 15 May until 15 August and ice covered from 15 December until 15 March, which is based on data from Lake Erken (Pettersson unpubl. data).
Model results
water column but also allows the differentiation between areas where erosion, transportation, and accumulation processes regulate the bottom dynamics. Erosion/transportation bottoms have, by definition, frequent periods of sediment resuspension (Hikanson and Jansson 1983) . Erosion bottoms are dominated by coarse deposits such as medium-sized silt, sand, and gravel. Transportation bottoms are areas where fine materials are deposited discontinuously. In contrast to these areas, sediment resuspension on accumulation bottoms is absent or limited to very extreme wind conditions. Such accumulation bottoms, where fine suspended materials can be continuously deposited, are found in Lake Erken at water depths below 15 m (Fig. 4a) . The yearly accumulation of sediment at these water depths is 811 g m-2/Pc0nc,, (g rnp3) = 7.6 mm. This corresponds quite well with data from eutrophic Lake Esrom and data from Lake Lucerne where mean annual deposition rates of -635 g m-2 (Lastein 1976) and 400-1,000 g mm2 (Bloesch and Evans 1982) were measured. Temporal and spatial variations in the flux of settling particulate matter-The flux of SPM in the deepest water layer exceeds the flux in upper water layers in all lakes, even though the difference is occasionally small. Instead of showing the results for all lakes, two contrasting lakes (Lakes Limmaren and Erken) with respect to water depth, lake area, water chemistry, stratification, phytoplankton biomass, and other variables were chosen for a detailed demonstration of model results. The seasonal patterns of SPM are similar in both lakes, and SPM in upper water layers responds in similar ways to changes in wind speed as does SPM in lower water layers (Fig. 3a-c) . All major wind peaks result quickly in a peak flux of SPM, both in upper and lower water layers. Time delays are short because the model output is on a daily basis and the vertical water mixing is rapid. However, the response of SPM to changes in wind speed in the moderately deep Lake Erken occurs less frequently than in the shallow Lake Limmaren. The large water body of Lake Erken seems to be less affected by any changes in wind speed, because wind effects on bottom sediments causing resuspension are not direct.
Bottoms in Lake Erken that are above 15 m are dominated by erosion/transportation areas. At 14 m, the sediments are occasionally resuspended as shown by the flattening of the sediment accumulation curve (Fig. 4a) . At this water depth, sediment bottoms have to be classified as transportation bottoms, although there is still a net accumulation of 3.6 mm sediment per year. Bottoms above 12 m show no net accumulation of sediment.
Most of the year, SPM is fairly evenly distributed in the water column, but there are vertical differences in the flux of SPM during the stratified period. Lake Limmaren is a polymictic lake in which there are no differences in the flux and distribution of SPM in the different water layers during stratified and unstratified periods. The stratified Lake Erken, in contrast, has an accumulation of SPM in the hypolimnion during the period of stratification. This enrichment of SPM in the hypolimnion is best noted at the end of stratification (Fig. 3b) . Earlier studies in Lake Erken suggest that an enrichment of SPM in the hypolimnion can be due to the influence of internal seiche activities, which can cause sediment resuspension in deeper areas (Weyhenmeyer 1996) . The resuspended sediment is then kept in the hypolimnion because of a reduced velocity of vertical water mixing in the hypolimnion.
In the shal1o.w Lake Limmaren, accumulation bottoms have to be defined as dynamic accumulation bottoms, with repeated events of in situ resuspension and redeposition. There is a net accumulation of 14.5 mm yr-1 in the deepest part of the lake, which is then subjected to compaction; however, even at this water depth, the sediments are frequently resuspended (Fi .g, 4b) . In contrast to the high net accumulation of 14.5 mm yr-' at 6 m that can be explained by the extremely high particle concentration in Lake Limmaren (on average, about eight times higher than in Lake Erken), there is no net accumulation at the other areas of the lake. Between two resuspension events it is possible that sediment accumulates up to 4 mm at 5 m, but this amount is soon resuspended again.
Boundary depths between erosion/transportation and accumulation bottloms can also be determined by methods of Hakanson (1977) and Rowan et al. (1992) . Our model results correspond very well with the depth of epilimnetic water mixing (Meili 1991) derived from the maximum length of a lake rather than from the effective wind fetch (Fig. 5) . Considering that the same method was used to determine the depth of the epilimnion in the model, the good correspondence might not be surprising. However, sensitivity analyses (see below) showed that the model results are independent of the epilimnion depth that was used in the model. Because the boundary depths between the different bottoms remain the same whetler lakes are stratified or not, the good correspondence be:ween model results and water column mixing is rather due to a common dependence of sediment resuspension on hydrodynamic processes. The boundary depth between erosionltransportation and The methods of Rowan et al. (1992) and Hakanson (1977) . Predicted accumulation of sediment at different water depths during a 3-yr period in Lake Erken (a) and Lake Limmaren (b). From this figure it can be determined that Lake Limmaren has no real accumulation bottom where sediment resuspension is absent, whereas in Lake Erken the boundary depth between transportation and accumulation of sediment is located at -15 m. different water depths. Usually, a typical literature value of the yearly sedimentation rate is given as 2 mm (Hakanson and Jansson 1983) . This number agrees quite well with our model data (Fig. 6 ), but it is clear that sediment accumulation rates differ at different water depths as a result of sediment focusing. The model output for the nine lakes clearly shows sediment focusing (Fig. 6) . One way of quantifying sediment resuspension is to determine the focusing factor, which is the ratio between the maximum and the mean accumulation rate of sediment, where the mean accumulation rate is calculated as a weighted mean: Z (yearly sediment accumulation rate at each layer X Ascd of the layer)/(A X P,,,,") (mm yrl).
The difference in sediment focusing among the nine lakes is related to the dynamic ratio (i.e. the ratio between lake size and mean water depth). The larger and the shallower the lake, the larger is the focusing factor (Fig. 7) .
Model data vs. empirical data Sedimentatio,q patterns in a stratiBed and an unstratified lake-The model is driven by wind data from Lake Erken in 1992. Therefore, best model results should be achieved for Lake Erken, where empirical sediment trap data are available for thl= same year. Good results are also likely for Lake Limmaren, which is close to Lake Erken. In these two lakes, empiricai data of SPM are mean sediment trap data from five diffejrent stations (C.V. in Lake Erken: mean of +36.2%, max of +62.2% in upper traps; mean of +43.2%, max of 258.3% in lower traps; C.V. in Lake Limmaren: mean of +20.0%, max of 540.8% in upper traps; mean of +28.8%, max cd ?40.1% in lower traps). The seasonal patterns of empirical SPM correspond very well with seasonal patterns of model SPM, both in upper and in lower water layers (Fig. 3a-d) . Wind peaks result in peaks in model and empirical SPM. Furthermore, the observed enrichment of SPM in the hypolimnion at the end of the stratification period in Lake El-ken can be demonstrated with model SPM data. All these results show that the model works equally well for a stratified and a mixed lake.
The jlux of settling particulate matter-Apart from seasonal patterns of SPM, the mean flux of model and empirical SPM data can be compared. For this comparison, weekly means of model SPM data were calculated, because empirical SPM data represent mean data of a week or even 2 weeks, depending on how often the sediment traps were exchanged. To get spatially compatible data, model SPM data from the same water depths as empirical SPM data were used (3 m below water surface and 1 m above lake bottom). To obtain temporal compatibility, only model SPM data from the same period as empirical SPM data were compared (May until September). Empirical minimum, mean, and maximum SPM data from two different water depths agreed well with model minimum, mean, and maximum SPM data (Fig. 8) . The wide ranges of SPM (Table 2 ) indicate that the model can be used for a great variety of lakes. The nine lakes for which the model was validated represent very different trophic levels (from oligotrophic to hypertrophic), lake areas (from 0.28 to 24 km2), mean water depths (from 2.3 to 9 m), and percentages of accumulation areas (from 0 to 70%).
Model sensitivity and the parameters significance of input Model sensitivity was evaluated by multiplying or dividing each input parameter by a factor of 2 while all others remained unchanged. It was then determined by which factor the minimum, mean, and maximum flux of SPM in the epilimnion and hypolimnion was affected by the changed input parameter over 1 yr in a stratified and a mixed lake (Fig. 9) . The factor 2 is reasonable for most input parameters. For input parameters that might vary by a higher factor (e.g. the water discharge and the concentration of particles in inflow waters), the factor 2 was nevertheless taken in order to make the changes comparable and to avoid subjective changes to any input parameter. If it is expected that an input parameter varies by a factor higher than 2, the effects on model results can be estimated by taking the results of this sensitivity analysis.
Model sensitivity is especially important for uncertain input parameters such as the vertical water mixing velocity, the sedimentation velocity, the critical current velocity, and the amount of resuspendable sediment, which were assumed to be constant over time and equal in all lakes. The sensitivity analyses show that the sedimentation velocity vs has a significant influence on the model output. The flux of minimum, mean, and maximum SPM in the epilimnion decreases by more than half, both in Lake Erken and Lake Limmaren, if the sedimentation velocity is increased from 0.5 to 1 m d I. Only the maximum flux of SPM in the hypolimnion is less affected by the sedimentation velocity. Instead, the maximum flux of SPM in the hypolimnion is affected by changes in the critical current velocity u,,, CTit. The critical current velocity is a good example of an input parameter that has different influences in different lakes. The critical current velocity is more significant for the model output in Lake Limmaren than in Lake Erken. The same applies to the amount of resuspendable sediment (PcoIIcn, h,,,)-its value is more critical in Lake Limmaren than in Lake Erken, especially in the upper water layers. Differences between Lake Erken and Lake Limmaren can also be observed for changes in the vertical water mixing velocity v,. In Lake Limmaren an increase in the vertical water mixing velocity simply leads to an increase in the minimum, mean, and maximum flux of SPM at all water depths. In Lake Erken, however, an increase of the vertical water mixing velocity results in a decrease in the maximum flux of SPM in the hypolimnion while SPM in the epilimnion increases. All these differences between Lake Erken and Lake Limmaren are basically due to differences in lake morphometry. In the shallow, unstratified Lake Limmaren, changes in the input parameters immediately affect the whole water body, whereas in Lake Erken such effects are much more local, especially during the stratified period. The stronger the stratification, the more settling material is enriched in the hypolimnion (Fig. 9) .
The wind speed w is the most sensitive input parameter. If the wind speed is multiplied by 2, the mean flux of SPM in the hypolimnion of Lake Erken is changed by a factor of 17 and in Lake Limmaren by a factor of 5. Generally, windspeed data are reliable because uncertainties in the measurement are minimal. On the other hand, one must consider that the wind speed was chosen as a general input parameter that has the same values in all lakes. Choosing the wind speed as a general parameter is justified only when wind-speed patterns over long periods are unlikely to differ greatly, as among the nine Swedish lakes during the different years. Although seasonal variations in the flux of SPM might not be reflected by the model, minimum, mean, and maximum flux of SPM during a long period may still properly reflect Fig. 6 . Model sediment accumulation rates (mm yr-l) at different water depths in nine Swedish lakes assuming a sediment particle concentration of 0.1066 g cmP3. The mean sediment accumulation rate is a weighted mean, calculated as 2 (yearly sediment accumulation rate at each layer X A,ed of the layer)/(A X PC,,,,) (mm yr-I). The focusing factor (FF) is the ratio between maximum and mean sediment accumulation rate. the variability in wind speed. To prove that the model is not dependent on exactly the wind speed data from Lake Erken, a random wind speed, based on typical wind-speed data in the sampling area, was used to run the model. The result of minimum, mean, and maximum SPM fluxes in the different lakes remained '3asically the same.
With respect to lake-specific parameters, model predictions are rather insensitive to the choice of the value for the water discharge Q,,,,, the amount of suspended particulate matter in the injlow SUspi,, and the epilimnetic water depth hepi. The model output, however, is more sensitive to the flux of newly produced PSPM and the effective wind fetch Lr If there is no input of PSPM at all, the flux of SPM in the lake water will be reduced by up to 90% (Fig. 9 ). This significant reduction shows clearly that the input of PSPM plays an important role for the flux of SPM in the long term, whereas the flux of PSPM accounts for only at most 20% of the flux of SPM over days or weeks. This apparent discrepancy and the small amount of PSPM that can lead to such large amounts of SPM: in lake waters can be explained by repeated resuspension and a slow sediment focusing. In the model, it has been assumed that the input of SPM originates from inflow waters arld planktonic production, but it is likely that Model maximum SPM Table 2 . Minimum, mean, and maximum ranges of empirical settling particulate matter (SPM) in upper (3 m below the surface) and lower (1 m above the lake bottom) sediment traps in nine Swedish lakes. it also originates from shore erosion. Because it is not possible to differentiate between the different sources, material from shore erosion has to be considered as a part of allochthonous and autochthonous particulate matter input in the model.
Minimum range
Only the wind speed and the effective wind fetch Ls are input parameters that can cause changes of the model output by a factor higher than the factor that was used to change the input parameter (Fig. 9) . As a consequence, the value of the effective fetch has to be chosen with great care. It is not very difficult to determine the exact value of an effective fetch, but the question is which value should be taken, For the model, a constant maximum effective fetch for the prevailing wind direction was chosen. This choice of a constant maximum effective fetch reduces the variability of SPM in the water column, but it can be assumed that the effective fetch varies within a limited range, so that the minimum, mean, and maximum flux of SPM are not very much affected by the assumption of a constant effective fetch.
Conclusions
Our model for the daily variations in the flux, origin, and distribution of settling particles in lakes was successfully applied to widely varying sediment trap fluxes (0.07-385 g m-2 d-l) from nine Swedish lakes. The model is quite insensitive to changes in the values of input parameters, except for the effective wind fetch and the wind speed, which can be quite accurately determined. The model can be used for different purposes: The minimum, mean, and maximum flux of SPM in lake waters can be predicted, daily variations in the flux and distribution of settling particulate matter in the water column can be simulated (both during periods of stratification and turnover), the boundary depth between erosion/ transportation and accumulation of sediment in lakes can be located, yearly sediment accumulation rates at different water depths can be calculated, and sediment focusing can be quantified. Such information is useful to better understand the dispersal and biouptake of contaminants and nutrients in lake waters, because settling particles act as carriers of contaminants and nutrients. Finally, the model can be used to Fig. 9 . Sensitivity analyses. The bars show by which factor the minimum, mean, and maximum flux of settling particulate matter (SPM) in the epilimnion and hypolimnion of Lake Erken and Lake Limmaren is changed if an input variable is multiplied by 2, divided by 2, or set to 0. All vertical axes have the same scale as for the wind speed (w). If bars are invisi3le, SPM fluxes can be considered insensitive to changes of input variables (for abbreviations, see notations).
predict what kind of consequences a change of planktonic and allochthonous input to lakes has on the flux and distribution of SPM.
